(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europ^en des brevets (11) EP 0 744 780 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

27.11.1996 Bulletin 1996/48 

(21) Application number: 96108265.8 

(22) Date of filing: 23.05.1 996 



(51) int. CL 6 : H01 M 4/48, H01 M 4/52 



(84) Designated Contracting States: 


• Ito, Shuji 


DE FR GB IT 


Akashi City, 674 (JP) 




• Murata, Toshihide 


(30) Priority: 14.07.1995 JP 178781/95 


Izumiotsu City, 595 (JP) 


14.04.1996 JP 82610/96 


• Toyoguchi, Yoshinori 


26.05.1995 JP 128076/95 


Yao City, 581 (JP) 


(71) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


(74) Representative: Jung, Elisabeth, Dr. et al 


CO., LTD. 


Patentanwafte, 


Kadoma-shi, Osaka-fu, 571 (JP) 


Dr. Elisabeth Jung, 


(72) Inventors: 


Dr. Jurgen Schirdewahn, 


Ciaus Gernhardt, 


• Hasegawa, Masaki 


Postfach 40 14 68 


Hirakata City, 573 (JP) 


80714 Munchen (DE) 


• Bito, Yasuhiko 


Minamikawachi-gun, Osaka Pref ., 587 (JP) 





(54) Non-aqueous electrolyte lithium secondary battery 



(57) A non-aqueous electrolyte secondary battery 
having a low manufacturing cost and a high energy den- 
sity and being excellent in the high rate charge/dis- 
charge characteristic and in the characteristics in 
operation at high temperature provided by an improve- 
ment on its positive electrode active material is dis- 



closed. The positive electrode active material 
comprises a specific compound wherein a part of nickel 
or lithium in LiNi0 2 is substituted with another element 
in a specified range. The element for the substitution 
comprises Mg, Ca, Sr, Ba, Al Cr, B and Co which may 
be employed solely or in combination. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Held of the Invention 

The present invention relates to a non-aqueous electrolyte lithium secondary battery, particularly, to a positive elec- 
trode active material for the same. 

10 g t Description of the Prior AH 

Non-aqueous electrolyte secondary batteries comprising a lithium or a lithium compound negative electrode are 
highly promising as the power source for driving cordless electronic as well as electric appliances because they gener- 
ate a high voltage, providing a high energy density, and therefore, there have been various vigorous studies in the liter- 
75 ature. 

As the positive electrode active material for the non-aqueous secondary batteries, there have hitherto been pro- 
posed transition metal oxides and chalcogen compounds such as LiCo0 2 . LiMn 2 0 4 , LiFe0 2 , LiNi0 2 , V 2 0 5 , Cr 2 0 5 , 
TIS2. M0S2 and the like. These compounds have a layered structure or a tunnel structure of a crystal capable of absorb- 
ing or desorbing (intercalating or deintercalating) lithium ions in a reversible manner. In particular, UCo0 2 and UNi0 2 
20 are attracting attention in this field of art as the positive electrode active material for a 4V class non-aqueous electrolyte 
lithium secondary battery. 

Of these compounds, realization of the practical use of LJCo0 2 is under progress because it has a regular and lay- 
ered structure and can demonstrate a high discharge voltage and a high capacity. Cobalt is, however, a costly element 
requiring a high manufacturing cost. Moreover, there is a concern about a possible insufficient supply, and a sudden 

25 rise in price due to the sudden change in the tense world situation, particularly in the global market. Under these cir- 
cumstances, UNi0 2 , which is relatively low costly element and can generate a higher capacity exceeding LiCo0 2 , is 
now attracting attention in this field of art, and thus researches and developments are briskly conducted on LiNi0 2 for 
realizing its practical use. LiNi0 2 has a composition and a structure similar to those of LiCo0 2 and thus a promising 
material as the positive electrode active material for the lithium secondary batteries to provide a high discharge voltage 

30 and a high capacity. With the researches and developments up to the present, the method for synthesizing the same 
has been improved, and thus a materia) of superior quality which can demonstrate a high capacity is now available with 
ease. 

As described previously, although the LiNi0 2 has been improved to have a higher initial capacity than that of 
LiCo0 2 , there remains much to be solved in other characteristics. When charging and discharging is performed at a 

35 deep depth in order to obtain a large capacity in particular, a serious decrease is created in the lattice constant of the 
LiNi0 2 and a heavy contraction of the volume of the crystal lattice occurs accordingly. As a result, cracks or cleavages 
may develop in the particles of the active material and a default is sometimes created in its current-collecting perform- 
ance, thereby to cause a decrease in the capacity. Further, since such great change occurs in the crystal lattice, a dis- 
order is created in the crystal structure, thereby to trigger a serious deterioration in the capacity of the active material 

40 itself. That is, it is believed that when lithium ions are extracted from the crystal in a large quantity during the charging 
process, the crystal lattice becomes unstable to trigger a rearrangement of the ions in the crystal lattice and the layered 
structure is disordered, thereby to prevent the lithium ions from diffusing desirably in the crystal and deteriorate the 
characteristics. 

As described previously, LiNi0 2 as the positive electrode active material for the lithium secondary batteries is char- 
45 acterized by its highly excellent initial discharge capacity but lacks a favorable cycle characteristic. The deterioration in 
the cycle characteristic can be suppressed to a reasonably small degree if only charging and discharging is repeated 
at a small capacity by selecting a shallow charging depth. If the LJNi0 2 is applied as the positive electrode active mate- 
rial having a higher capacity than LiCo0 2 , there is a need to control its crystal structure and suppress the contraction 
in the crystal lattice and the disorder in the ion arrangement which may occur by a deep depth charging. 
so A method for controlling the crystal structure includes a substitution of a part of the nickel in the compound with 
another element. A report on the study appearing in Solid State Ionics, 53 - 56 (1992), pp. 370 -375 describes a result 
of an attempt to improve the cycle characteristic of LiNi0 2 by substituting a part of the nickel in the compound with 
another element such as Co. 

However, the characteristics of LiNi0 2 as the positive electrode active material for the lithium secondary batteries 
55 have not been improved enough, and the charge/discharge characteristic at a high rate and the cycle characteristic at 
high temperature remain unsatisfactory, in addition to the above-mentioned cycle characteristic at room temperature. 
Further, in the case of substituting a part of Ni with Co or the like, the cycle characteristic at room temperature is 
improved but the cycle characteristic at high temperature remains not satisfactory. If the battery is used as the power 
source for cordless appliances, rapid charging or large current discharging is sometimes required, and thus poor 
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charge/discharge characteristics and the decrease in the discharge capacity by charging and discharging at a high rate 
become disadvantageous from the practical point of view. 

Moreover, since the temperature inside the lithium secondary battery is elevated by large current discharging, an 
inconvenient restriction may be imposed on the conditions for using the battery if the high temperature characteristics 
5 are poor. For instance, the inconvenience is such that the battery cannot be charged immediately after a high rate dis- 
charging process. For this, it is important to effectively suppress the deterioration in the characteristics during the oper- 
ation at high temperature. 

SUMMARY OF THE INVENTION 

10 

The primary object of the present invention is to provide a non-aqueous electrolyte lithium secondary battery which 
is excellent in the high rate charge/discharge characteristics. 

Another object of the present invention is to provide a non-aqueous electrolyte lithium secondary battery which is 
excellent in the charge/discharge characteristics at high temperature. 
15 The present invention is based on a finding that in the non-aqueous electrolyte lithium secondary battery compris- 
ing a positive electrode, a negative electrode capable of absorbing and desorbing lithium in a reversible manner and a 
non-aqueous electrolyte, its high rate charge/discharge characteristic and its high temperature charge/discharge char- 
acteristic can greatly be improved by employing, as its positive electrode active material, a specific compound wherein 
a part of nickel or lithium in UNi0 2 is substituted with another element. 
20 The present inventors have found that by substituting a part of nickel in UNi0 2 with an element selected from the 
group consisting of Mg, Ca, Sr and Ba, which are alkaline earth metals and produce bivalent ions, and by stabilizing the 
crystal skeleton of LiNi0 2 , the high rate charge/discharge characteristic is greatly improved, in addition to the cycle per- 
formance. 

In a detailed investigation on trivaient ions, the present inventors have further found that the high rate charge/dis- 
25 charge characteristic of LiNi0 2 can be improved if Al or Cr, transition elements belonging to the first collorary, is used 
in a small quantity. Based on these findings, the battery can be improved to have a high capacity, an excellent cycle per- 
formance, and a high rate charge/discharge characteristic by introducing Mg, Ca. Sr or Ba. or a small quantity of Al or 
Cr into the crystal structure of LiNi0 2 . 

A further investigation on the characteristics at high temperature showed that a great technical advantage was 
30 obtained with a compound substituted with the above-mentioned element and a compound of a combination of Mg and 
Al. Still another investigation on a combination other than the combination of Al and Mg revealed that a combination of 
four elements of Al, Mg, B and Co yielded a larger technical advantage than a single use of the respective elements. 

In still another investigation on a partial substitution of lithium in LiNi0 2 with another element it was clarified that 
the characteristics improved when Co, Al, Mg and Ca were used alone or in combination as the element for the substi- 
35 tution. 

It is believed that the deterioration in the characteristics during the charging and discharging processes at high tem- 
perature is greatly influenced by a change in the chemical reactivity of the active material. By the introduction of the 
above-mentioned element into the crystal structure, the reactivity decreases during a deep charging up to a potential 
as high as 4 V or higher where the active material becomes particularly chemically active and the reaction of the active 

40 material with the electrolyte is suppressed accordingly. As a result, it is believed that the deterioration in the character- 
istics is effectively suppressed during the charging and discharging at high temperature. 

By employing the above-mentioned elements for substitution, a great technical advantage has been obtained with 
LiNi0 2 . In contrast, no favorable technical advantage has been obtained with LiCo0 2 which has a crystal structure sim- 
ilar to that of LiNi0 2 by the substitution with the above-mentioned elements. Even with LiCo0 2 , some technical advan- 

45 tages have been obtained in an attempt to improve its initial discharge capacity, its cycle characteristic, its high rate 
charge/discharge characteristic and the like, by the introduction of the other elements into its crystal structure. However, 
the obtained technical advantages are not so remarkable as in the case of LiNi0 2 . At high temperature, the character- 
istics of LiCo0 2 are conversely deteriorated by the introduction of the other elements. 

It is believed that the stability of the crystal structure and the chemical property of LiNi0 2 differ from those of 

so UCo0 2l and the technical advantages resulting from the introduction of the other elements into LiNi0 2 differ from those 
of LiCo0 2 . This may be due to the differences in the conditions for the synthesis without substitution of the element, or 
the differences in various characteristics between UNi0 2 and LiCo0 2 . The characteristics of UNi0 2 as a product of the 
synthesis greatly differ depending on the conditions for synthesis and thus the control of the conditions for synthesis is 
critical, whereas LiCo0 2 can be synthesized relatively easily as a product having stable characteristics. That is, the 

55 above-mentioned technical advantages due to the introduction of the other elements are specific to LiNiO^ 

When the valence of nickel or lithium differs from the valences of the elements for the substitution, a balance 
between the valences may be maintained by varying the valence of nickel, or by varying the quantity (moiety) of oxygen 
in the below-mentioned range z. The quantity of oxygen also varies depending on the starting material and the temper- 
ature of heating in addition to the atmosphere used in the heating process. 
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While the hovel features of the invention are set forth particularly in the appended claims, the invention, both as to 
organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
the following detailed description taken in conjunction with the drawing. 

5 BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a longitudinal cross-sectional view of a battery in accordance with an example of the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

The non-aqueous electrolyte lithium secondary battery in accordance with the present invention comprises a pos- 
itive electrode which contains a compound obtained by substituting a part of nickel in UNi0 2 with another element as 
its positive electrode active material; more specifically, 

a compound represented by the formula U x Ni 1 . y M y 0 2+z , where M represents at least one element selected from 
15 the group consisting of Mg, Ca, Sr and Ba, and 0.05 ^ x ^ 1.1 0.01 ^ y ^ 0.3, and -0.3 nz* 0.1, 

a compound represented by the formula Li x Ni 1 . y M y 0 2+ 2, where M represents at least one element selected from 
the group consisting of Al and Cr. and 0.05 ^ x ^ 1 .1 . 0.003 ^ y < 0.1 , and -0.3 ^ z ^ 0.1, or 

a compound represented by the formula UxNi^AlaBbCocMg^yO^^ where 0.05 ^ x s 1 .1 , 0.01 ^ y ^ 0.3, -0.3 
^ z ^ 0.1 , and (a+b+c-Ki) ^ 1 , and any three or more of a, b, c and d are never 0 at the same time. 
20 The present invention also provides a non-aqueous electrolyte lithium secondary battery comprising a positive 
electrode which contains a compound obtained by substituting a part of lithium in LiNi0 2 with another element as its 
positive electrode active material; more specifically, 

a compound represented by the formula U 1+x . y COyNi0 2+2 , where -0.1 ^ x ^ 0.1 , 0.005 ^ y ^ 0.2, and -0.3 ^ z ^ 

0.2, 

25 a compound represented by the formula U^yAlyNiO^, where -0.1 ^ x 0.1, 0.01 ^ y ^ 0.2, and -0.3 szs 

0.2. 

a compound represented by the formula Li Ux .yM y Ni0 2+2 , where M represents at least one element selected 
from the group consisting of Mg and Ca, and -0.1 ^ x ^ 0.1 , 0.01 ^ y ^ 0.2, and -0.3 ^ z ^ 0. 1 , or 

a compound represented by the formula U 1+x . y (Mg a Ca b Co c Al d ) y Ni0 2+2 , where -0.1 ^ x ^ 0.1, 0.01 ^ y % 0.2, - 
30 0.3 m z ^ 0.2. and (a+b+c+d) = 1 , and any three or more of a, b, c and d are never 0 at the same time. 

In the following paragraphs, the present invention will be described in more detail with reference to its specific work- 
ing examples and comparative examples. It is however needless to say that the present invention should not be limited 
to these specific working examples. 

35 EXAMPLE; 1 

A description will be made on the use of Mg, Ca, Sr and Ba as the substitution elements for a part of nickel in 
LiNi0 2 . 

For Mg as the substitution element. LiN0 3> Ni(OH) 2 and Mg(NOa) 2 were used as the starting materials and heated 
40 in an oxygen stream at 700°C. The mixing ratio of the starting materials was determined by adjusting the molar ratio of 
Li/(Mg + Ni) to 1 .05 with the amount of lithium excessive and the molar ratio of Mg/(Mg + Ni) to 0.005, 0.01 . 0.1 , 0.2, 0.3 
and 0.35. 

Similarly, each of the active materials was synthesized by using a starting material containing Ca(N0 3 ) 2 , Ba(N0 3 ) 2 
or Sr(N0 3 ) 2 for Ca, Ba or Sr as the substitution element, respectively. Further, in place of the above-mentioned nitrate 
45 salts, one of hydroxides such as Mg(OH) 2 , Ca(OH) 2 , Ba(OH) 2 , Sr(OH) 2 and the like can be used for the synthesis of 
the active material. 

By an X-ray diffraction measurement on each of the synthesized samples, it was found that any of the obtained pat- 
terns resembled the patterns registered in 9 - 0063 of the "Joint Committee on Powder Diffraction Standards" (herein- 
after referred to as JCPDS) and that each of the samples had a crystal structure similar to that represented by the 
so registered pattern. 

Further, it was found that any of the intensity ratios of a peak indicated by a facet index 003 to.the peak indicated 
by a facet index 1 04 was 1 .25 or more. LiNi0 2 has a layered structure of hexagonal system comprising nickel layers and 
lithium layers which are alternately sandwiched between oxygen layers. If the nickel is replaced by the lithium and a dis- 
order takes place in the layered structure, the peak intensity ratio decreases. When the peak intensity ratio becomes 
55 1 .2 or less, the characteristics of UNK^ are damaged, deteriorated because the diffusion of the lithium ions is hindered 
by the nickel. In this example, the above-mentioned peak intensity ratio is in a favorable range of 1 .25 or more. 

The positive electrode was configured in the following manner. 

First, a positive electrode mixture was prepared by mixing the active material, acetylene black as a conductive 
agent and polyethylene tetrafluoride resin at 7:2:1 by weight and by sufficiently drying the obtained mixture. By molding 
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0.15 g of this positive electrode mixture with a pressure of 2 tons/cm 2 to a pellet of 17.5 mm diameter, a positive elec- 
trode was configured. 

FIG. 1 is a cross-sectional view showing a battery produced by employing the electrode configured in the above- 
mentioned manner. 

5 The positive electrode 1 is adhered by pressure to a collector 2 placed at a center of a battery housing 3 made of 

a metal. On this positive electrode 1 , a porous polypropylene film 7 as a separator is placed. A negative electrode 4 is 
a metal lithium disc having a thickness of 0.8 mm and a diameter of 17.5 mm adhered by pressure to a sealing disc 6. 
The sealing disc 6 is provided with an annular gasket 8 made of polypropylene and a negative electrode collector 5. As 
the non-aqueous electrolyte, propylene carbonate which dissolves lithium perchlorate at 1 mol/L is employed. After add- 

io ing the electrolyte to the separator 3, the positive electrode 1 and the negative electrode 4, the open end of the housing 
is closed. 

The battery produced in the above-mentioned manner was subjected to a charge/discharge test at a current den- 
sity of 0.5 mA/cm 2 under a voltage regulation in a range of 3.0 V - 4.3 V. Measurements were made on an initial dis- 
charge capacity and a discharge capacity at the 20th cycle to derive a proportion of the discharge capacity at the 20th 
is cycle to the initial discharge capacity, i.e., a discharge capacity maintenance rate. Thereafter, a discharge capacity at 
the 2 1 st cycle was measured by increasing the current density to 2.5 mA/cm 2 at the 21 st cycle to derive a proportion of 
the discharge capacity at the 21st cycle to the discharge capacity at the 20th cycle, i.e., another discharge capacity 
maintenance rate. 

The results of the measurements are summarized in Table 1 below. Values in Table 1 are average values for each 
20 10 cells of the respective samples. This also applies to the descriptions in the subsequent working examples and com- 
parative examples. In Table 1, the capacity maintenance rate (1) represents a proportion of the discharge capacity at 
the current density of 0.5 mA/cm 2 at the 20th cycle to the initial discharge capacity, and the capacity maintenance rate 
(2) represents a proportion of the discharge capacity at the current density of 2.5 mA/cm 2 at the 21 st cycle to that at the 
20th cycle (this applies to any of the subsequent tables). 

25 



TABLE 1 



M 




M/(Ni + M) molar ratio (M: Mg, Ca, Sr or Ba) 






0.005 


0.01 


0.10 


0.20 


0.30 


0.35 


Mg 


Initial Capacity(mAh) I 


20.7 


20.4 


19.9 


19.3 


19.0 


15.1 


Capacity Maintenance Rate (1) (%) 


92 


96 


98 


98 


97 


95 


Capacity Maintenance Rate (2) (%) 


89 


93 


95 


96 


97 


97 


Ca 


Initial Capacity(mAh) 


20.7 


20.3 


19.8 


19.3 


19.0 


15.1 


Capacity Maintenance Rate (1) (%) 


92 


96 


98 


98 


97 


94 


Capacity Maintenance Rate (2) (%) 


88 


92 


94 


96 


97 


97 


Sr 


Initial Capacity(mAh) 


20.6 


20.2 


19.6 


19.1 


18.8 


15.0 


Capacity Maintenance Rate (1) (%) 


92 


96 


98 


97 


96 


95 


Capacity Maintenance Rate (2) (%) 


88 


92 


94 


95 


96 


96 


Ba 


Initial Capacity(mAh) 


20.6 


20.1 


19.6 


19.0 


18.7 


15.0 


Capacity Maintenance Rate (1) (%) 


92 


96 


97 


97 


96 


94 


Capacity Maintenance Rate (2) (%) 


88 


92 


94 


95 


95 


95 



EXAMPLE 2 

A description will be made on the use of Al and Cr as the substitution elements for a part of nickel in LiNi0 2 . 
55 For Al as the substitution element, LiN0 3 , Ni(OH) 2 a™* AI(N03) 3 were used as the starting materials and heated in 
an oxygen stream at 700°C. The mixing ratio of the starting materials was determined by adjusting the molar ratio of 
Li/(AI + Ni) to 1.05 with the amount of lithium excessive and the molar ratio of AI/(AI + Ni) to 0.002, 0.003, 0.05, 0.09 
and 0.095. 
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Similarly, another active material was synthesized by using a starting material containing Cr(N0 3 ) 3 for Cr as the 
substitution element. Further, in place of the above-mentioned nitrate salts, one of hydroxides such as AI(OH) 3 , 
Cr(OH) 3> and the like can be used for the synthesis of the active material. 

By an X-ray diffraction measurement on each of the synthesized samples, it was found that any of the obtained pat- 
5 terns resembled the pattern registered in 9 - 0063 of "JCPDS" and that each of the samples had a crystal structure sim- 
ilar to that of the registered pattern. 

Further, it was found that any of the intensity ratios of a peak indicated by a facet index 003 to the peak indicated 
by a facet index 1 04 was 1 .25 or more. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
10 to the charge/discharge test under the same conditions. The results of the test are summarized in Table 2 below. 



TABLE 2 



M 




M/(Ni + M) molar ratio (M: Al or Cr) 






0.002 


0.003 


0.05 


0.09 


0.095 


Al 


Initial Capacity(mAh) 


20.9 


20.8 


20.3 


20.1 


20.1 


Capacity Maintenance Rate (1) (%) 


92 


96 


97 


97 


97 


Capacity Maintenance Rate (2) (%) 


89 


95 


96 


95 


94 


Cr 


Initial Capacity(mAh) 


21.0 


20.9 


20.6 


20.5 


20.5 


Capacity Maintenance Rate (1) (%) 


92 


95 


96 


96 


96 


Capacity Maintenance Rate (2) (%) 


88 


94 


I 95 


94 


93 



Based on a comparison of the above-mentioned Examples 1 and 2 with Comparative Examples 1 and 2 which will 
be described later, the following facts are clarified. 

30 As shown in Tables 1 and 2, the cycle characteristics and the high rate charge/discharge characteristics of the bat- 
teries are improved by employing the active materials containing one of Mg, Ca, Ba and Sr in a range of 0.01 ^ y s 0.3 
or one of Al and Cr in a range of 0.003 ^ y < 0.1, respectively, as compared with those obtained with LiNi0 2 shown in 
Table 15. Further, as appreciated from Table 16 in Comparative Example 2, although the cycle characteristic is 
improved by employing one of Al and Cr in a range of y § 0.1 , no substantial improvement is obtained in the high rate 

35 charge/discharge characteristic, as compared with those obtained with LiNi0 2 . It is therefore found that a limit of y < 0.1 
should be maintained when Al or Cr is used. 

EXAMPLE 3 

40 Next a description will be given on the characteristics of the sample compounds of Example 1 at elevated temper- 
atures. 

In this example, the same positive electrode active materials and the batteries for evaluation as those of Example 
1 were used. 

Tables 3 - 6 summarize the results of the evaluations conducted on the initial discharge capacities and the capacity 
45 maintenance rate at the 20th cycle of the batteries subjected to a charge/discharge test at a current density of 0.5 
mA/cm 2 under a voltage regulation in a range of 3.0 V - 4,3 V at the respective temperatures of 25°C and 60°C. 



TABLE 3 



M 






y 








0.005 


0.01 


0.10 


0.20 


0.30" 


0.35 


Mg 


Initial Capacity (mAh) 


(25°C) 


20.7 


20.4 


19.9 


19.3 


19.0 


15.1 






(60°C) 


21.3 


20.9 


20.4 


19.7 


19.4 


15.5 




Capacity Maintenance Rate 


(25°C,%) 


92 


96 


98 


98 


97 


95 






(60°C,%) 


63 


86 


88 


88 


88 


87 
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TABLE 4 



II 

M 






y 








0.005 


0.01 


0.10 


0.20 


0.30 


0.35 


Ca 


Initial Capacity (mAh) 


(25°C) 


20.7 


20.3 


19.8 


19.3 


19.0 


15.1 






(60°C) 


21.4 


20.7 


20.4 


19.8 


19.3 


15.2 




Capacity Maintenance Rate 


(25°C,%) 


92 


96 


98 


98 


97 


94 






(60°C,%) 


61 


87 


88 


89 


89 


88 



TABLE 5 



25 



M 






y 








0.005 


0.01 


0.10 


0.20 


0.30 


0.35 


Sr 


Initial Capacity (mAh) 


(25°C) 


20.6 


20.2 


19:6 


19.1 


18.8 


15.0 






(60°C) 


21.2 


20.9 


20.5 


19.6 


19.3 


15.2 




Capacity Maintenance Rate 


(25°C,%) 


91 


96 


98 


97 


96 


95 






(60°C,%) 


60 


85 


86 


87 


87 


87 



TABLE 6 



M 






y 








0.005 


0.01 


0.10 


0.20 


0.30 


0.35 


Ba 


Initial Capacity (mAh) 


(25°C) 


20.6 


20.1 


19.6 


19.0 


18.7 


15.0 






(60°C) 


21.3 


20.7 


20.3 


19.6 


19.4 


15.3 




Capacity Maintenance Rate 


(25°C,%) 


92 


96 


97 


97 


96 


94 






(60°C,%) 


61 


84 


86 


86 


87 


87 



As shown in Tables 3 through 6. the cycle characteristics at elevated temperature are improved by employing one 
45 of Mg, Ca, Ba and Sr as the substitution element for Ni in a range of 0.01 sys 0.3, as compared with that obtained 
with UNi0 2 of Comparative Example 3. No favorable technical advantage is obtained in a range of y < 0.01 because 
the quantity for the substitution is too small. Further, the quantity for the substitution is too much in a range of y > 0.3 
and invites a decrease in the initial discharge capacity. 

In Comparative Example 4, a description is made on a sample compound represented by LiCo 1 . y Mg y 02. i.e., an 
so example wherein a part of Co in LiCo0 2 is substituted with Mg. According to Comparative Example 4, no favorable tech- 
nical advantage is obtained by substituting a part of Co in LiCo0 2 with Mg, and the characteristic is conversely deteri- 
orated. It is therefore found that in accordance with the present invention a great technical advantage is obtained by the 
substitution of an element particularly in a nickel oxide. 

55 EXAMPLE 4 

A description will be given on the characteristics of the sample compounds of Example 2 at elevated temperature. 
In this example, the same positive electrode active materials and the batteries for evaluation as those of Example 
2 were used. 
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The results of the evaluations by the charge/discharge test conducted under the same conditions as In Example 3 
are summarized in Tables 7 and 8 below, respectively. 



TABLE 7 



M 






y 








0.002 


0.003 


0.05 


0.09 


0.095 


Al 


Initial Capacity (mAh) 


(25°C) 


20.9 


20.8 


20.3 


20.1 


20.1 






(60°C) 


21.5 


21.3 


20.8 


20.5 


20.4 




Capacity Maintenance Rate 


(25°C.%) 


92 


96 


97 


97 


97 i 






(60°C,%) 


63 


85 


88 


88 


87 



TABLE 8 



M 






y 








0.002 


0.003 


0.05 


0.09 


0.095 


Cr 


Initial Capacity (mAh) 


(25°C) 


21.0 


20.9 


20.6 


20.5 


20.5 






(60°C) 


21.7 


21.4 


20.9 


20.7 


20.6 




Capacity Maintenance Rate 


(25°C,%) 


92 


95 


96 


96 


96 






(60°C,%) 


61 


85 


87 


87 


87 



30 

As shown in Table 7, the cycle characteristic at the elevated temperatures is improved by employing Al as the sub- 
stitution element for Ni in a range of 0.003 ^ y < 0.1, as compared with that obtained with UNi0 2 of Comparative Exam- 
ple 3. As shown by Comparative Example 9, the cycle characteristic at room temperature is improved in a range of y ^ 
0.1 , but no great improvement is obtained at high temperature as compared with that of LiNiC^. The range should there- 

35 fore be y < 0.1 for the single use of Al. 

In Comparative Example 5, a sample compound represented by LiCo^yAlyOJa is described. According to Compar- 
ative Example 5, no favorable technical advantage is obtained by substituting a part of Co in LiCo0 2 with Al, and the 
characteristics are conversely deteriorated. It is therefore appreciated that in accordance with the present invention a 
great technical advantage is obtained by the substitution of element particularly in a nickel oxide. 

40 As shown in Table 8, a technical advantage similar to the case of Al is obtained in a case of substituting a part of 
nickel in LiNi0 2 with Cr and the cycle characteristic at elevated temperature is improved with the quantity of substitution 
in a range of 0.003 ^ y < 0.1 . 

EXAMPLE 5 

45 

A description will be made on a case of employing two or more elements selected from the group consisting of Al, 
B, Co and Mg as the sitostitution element for a part of nickel in LiNi0 2 . 

AI(N0 3 )3, H3BO3 . C03O4 and Mg(IM0 3 ) 2 were employed as the sources for Al, B, Co and Mg, respectively. These 
compounds were mixed with IJNO3 and Ni(OH) 2 , and each of the obtained mixtures was heated in an oxygen stream 
so at 650°C. The mixing ratio of the starting materials was determined by adjusting the molar ratio of Li/(Ni + (a combina- 
tion of two or more elements selected from the group consisting of A!, B, Co and Mg)) to 1 .05 with the amount of lithium 
excessive and the molar ratio of Al. B, Co and Mg to the intended composition. 

By an X-ray diffraction measurement on each of the heated samples, it was appreciated that any of the obtained 
patterns resembled the pattern registered in 9 - 0063 of "JCPDS" and that each of the samples had a crystal structure 
55 similar to that represented by the registered pattern. 

Further, it was found that any of the intensity ratios of a peak indicated by a facet index 003 to the peak indicated 
by a facet index 104 was 1 .25 or more. There were no peaks induced by impurities other than the peaks similar to that 
of UNi0 2 , and it was believed that each of the heated samples had a composition of the compounds as listed in Table 
9 below. 
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A procedure similar to that of Example 1 was then followed in configuring batteries with the above-mentioned com- 
pounds which were thereafter subjected to the charge/discharge test under the conditions of a current density of 0.5 
mA/cm 2 and a voltage regulation in a range of 3.0 V - 4,3 V. The initial discharge capacities and the capacity mainte- 
nance rates at the 20th cycle at 25°C and 60°C are summarized in Table 9 below. 



TABLE 9 





Initial capacity 
(mAh) 


Capacity main- 
tenance rate at 
the 20th cycle 
(%) 




25°C 


60°C 


25°C 


60°C 


UNi 0 .9(Alo. 5 Mgo.5)o.i0 2 


19.7 


20.1 


98 


93 


LiNi 0 .9(Alo.5Bo.5)o.i0 2 


19.5 


20.0 


97 


91 


UNi 0 .9(Alo. 5 Co 0 5)0 1 0 2 


19.6 


20.0 


98 


93 


LiNi 0 .9(B 0 . 5 Co 0 .5)o.i02 


19.5 


19.9 


97 


89 


UNi 0 .9(Coo. 5 Mgo.5)o.i02 


19.7 


20.1 


98 


92 


UNi 0 .9(Bo.5Mgo.5)o.i0 2 


19.6 


20.0 


97 


92 


LiNi 0 .9(Al 0 .3Bo 3 Co 0 .4)o.i02 


19.6 


20.0 


98 


90 


UNi 0 .9(Alo.3Bo.3Mgo.4)o.i0 2 


19.6 


20.0 


98 


92 


LiNi 0 9 (AI 0 3 Co 0 . 3 Mg 0 .4)o.i0 2 


19.7 


20.1 


98 


93 


LiNi 0 9 (B 0 3 Co 0 3 Mg 0 4 ) 0 1O2 


19.6 


20.0 


98 


91 


UNi 0 .9((AIBCoMg)o. 2 5)o.i)02 


19.5 


19.9 


97 


90 


UNi 0 .7(Alo. 5 Mgo.5)o.30 2 


19.2 


19.6 


97 


89 


LiNi 0 7 (Alo. 3 Coo. 3 Mgo.4)o.30 2 


19.3 


19.6 


97 


88 


UNi 07 ((AIBCk)Mg)o.25)o.30 2 


19.2 


19.5 


96 


87 


LiNi 0 99 (AI 0 5 Mg 0 5)0 0 iO 2 


20.7 


21.3 


96 


88 


LiNi 0 99 (AI 0 3 Co 0 3 Mgo 4 ) 0 01 O 2 


20.8 


21.4 


96 


87 


LiNi 0 .99((AIBCoMg)o. 2 5)o.oi0 2 


20.6 


21.3 


95 


86 



As shown in Table 9, the cycle characteristics at elevated temperatures are improved as compared with that 
obtained with LiNi0 2 of Comparative Example 3, by employing two or more elements selected from the group consist- 
ing of Al, B, Co and Mg as the substitution element for Ni. Further, a more favorable characteristic can be obtained than 
that obtained by the single use of the respective elements in Comparative Examples 6 and 7, and Examples 3 and 4. 

Moreover, as clearly seen from a comparison with Table 20 in Comparative Example 8 which will be described later, 
molar ratios should be in the range of 0.01 ^ y s 0.3 and (a + b + c+d)^1,ifAl f B f Co and Mg are used in combination. 
If y < 0.01 , the characteristics may be deteriorated because the technical advantage resulting from the substitution of 
element is small. The quantity to be substituted for Ni is too much if y > 0.3. In addition, if (a + b + c + d) > 1 , a disorder 
develops in the crystal structure and invites a deterioration in the characteristics. 

EXAMPLE 6 

A description will be given on the substitution of a part of lithium in LiNi0 2 with Co. 

First, a positive electrode active material was synthesized form starting materials of LiN0 3 , Ni(OH)2 and Co(OH) 2 
by heating them in an oxygen stream at 650°C. The mixing ratio of the starting materials was determined by adjusting 
the molar ratio of (Li + Co)/Ni to 1 and the molar ratio of Co/(Li + Co) to 0.003, 0.005, 0.01 , 0.1 , 0.2 and 0.3. Further, in 
place of the above-mentioned compounds, the active materials can similarly be synthesized by using cobalt carbonate, 
C0CO3. 
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From an X-ray diffraction measurement, the heated product was considered to be a compound represented by the 
formula Li 1 . y Co y Ni02 +z (y = 0.003, 0.005. 0.01 , 0.1 . 0.2 or 0.3). on the basis of a comparison with the pattern registered 
in 9 - 0063 of "JCPDS*. 

Further, it was found that any of the intensity ratios of a peak indicated by a facet index 003 to the peak indicated 
5 by a facet index 1 04 was in a range of 1 . 1 5 - 1 .20. In UNi0 2 . a disorder develops in the crystal structure by an introduc- 
tion of Ni into the layer of U and the peak intensity ratio decreases. From this fact, it is believed that the Co in the heated 
product is existing in the layer of Li. Although the characteristics of UNi0 2 may be deteriorated by the introduction of Ni 
into the layer of Li. there occurs no deterioration in the characteristics of the heated product of this example, even if Co 
is existing in the layer of Li. 

10 A procedure similar to that of Example 1 was then followed in configuring batteries with the above-mentioned com- 
pounds which were thereafter subjected to the charge/discharge test under the conditions of a current density of 1 
mA/cm 2 and a voltage regulation in a range of 3.0 V - 4.3 V. The initial discharge capacities and the capacity mainte- 
nance rates at the 20th cycle were measured at 25°C and 60°C. and the results are summarized in Table 10 below. 



TABLE 10 



25 



M 






y 








0.003 


0.005 


0.01 


0.10 


0.20 


0.30 


Co 


Initial Capacity (mAh) 


(25°C) 


20.0 


20.0 


19.8 


19.6 


19.2 


15.1 






(60°C) 


20.3 


20.1 


20.0 


19.7 


19.3 


15.3 




Capacity Maintenance Rate 


(25°C.%) 


92 


93 


94 


96 


96 


94 




at the 50th cycle 


(60°C,%) 


62 


85 


89 


88 


87 


87 



As shown in Table 10. the cycle characteristic at elevated temperature is improved by employing Co as the substi- 
tution element for Li in a range of 0.005 ^ y ^ 0.2. as compared with that obtained with LiNiC>2 of Comparative Example 

30 3. In a range of y < 0.005, a technical advantage resulting from the substitution of element is small, but in the range of 
y > 0.2, the quantity to be substituted for Li is too much and invites a deterioration in the characteristics. The range 
should therefore be 0.005 ^ y s 0.2 if Co is used solely as the substitution element for Li. 

In Comparative Example 1 0 which will be described later, a description is given on LiNi Vy COy0 2 which is a product 
obtained by substituting a part of Ni in LiNi0 2 with Co. Although this compound is improved in its cycle characteristic at 

35 25°C as compared with LiNi02, its cycle characteristic at 60°C is not satisfactory. It is appreciated that the compound 
of this example Lii_ y C0yNi0 2+2 , which is a product obtained by substituting a part of Li in LiNi0 2 with Co, also demon- 
strates a great improvement in the cycle characteristic at 60°C and can serve as a more excellent positive electrode 
active material. 

40 EXAMPLE 7 

A description will be given on the substitution of a part of lithium in LiNi0 2 with Al. 

First, a positive electrode active material was synthesized by heating a mixture composed of LiN0 3 , Ni(OH) 2 and 
AI(N0 3 ) 3 in an oxygen stream at 650°C. The mixing ratio of the starting materials was determined by adjusting the 
45 molar ratio of (Li + AI)/Ni to 1 and the molar ratio of AI/(Li + Al) to 0.005, 0.01 , 0.1 , 0.2, 0.25 and 0.3. Further, in place 
of the above-mentioned compounds, an aluminum hydroride AI(OH) 3 can similarly be used for the synthesis of the 
active material. 

From an X-ray diffraction measurement, the heated product was considered to be a compound represented by the 
formula Li^yAlyNiO^ (y = 0.005, 0.01, 0.1, 0.2, 0.25 or 0.3), on the basis of a comparison with the pattern registered 
so in 9 - 0063 of "JCPDS". 

Further, it was found that any of the intensity ratios of a peak indicated by a facet index 003 to .the peak indicated 
by a facet index 104 was in a range of 1.15 - 1.20, and from this peak intensity ratio, it is believed that the Al in the 
heated product is existing in the layer of Li. In LiNi0 2 , although the characteristics may be deteriorated by the introduc- 
tion of Ni in the layer of Li, there occurs no deterioration in the characteristics of the heated product of this example, 
55 even if Al is existing in the layer of Li. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge tests under the same conditions as those in Example 6. The results derived from the tests as 
in Example 6 are summarized in Table 1 1 below. 
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TABLE 11 



M 






y 








0.005 


0.01 


0.10 


0.20 


0.25 


0.30 


Al 


Initial Capacity (mAh) 


(25°C) 


20.6 


20.0 


19.8 


19.7 


15.5 


14.6 






(60°C) 


20.8 


20.4 


20.3 


19.8 


15.6 


14.8 




Capacity Maintenance Rate 


(25°a%) 


92 


94 


95 


96 


95 


94 




at the 50th cycle 


(60°C,%) 


61 


87 


88 


88 


89 


88 



15 As shown in Table 1 1 , the cycle characteristic at elevated temperature is improved by employing Al as the substi- 
tution element for U in a range of 0.01 ^ y ^ 0.2, as compared with that obtained with LiNi0 2 of Comparative Example 
9. In a range of y < 0.01 , a technical advantage resulting from the substitution of element is small. In a range of y > 0.2, 
the quantity to be substituted for U is too much and invites a deterioration in the characteristics. 

From a comparison with LiNi 1 . y AJ v 02, which is a product obtained by substituting a part of Ni in LiNi0 2 with Al and 

20 referred to in Example 2, it is appreciated that at the 50th cycle at 60°C the compound U^yAlyNiO^ in accordance with 
this example, which is a product obtained by substituting a part of Li in LiNi0 2 with Al, demonstrates a capacity main- 
tenance rate equivalent to the capacity maintenance rate of the compound in Example 2 at the 20th cycle at 60°C, and 
that an excellent characteristic is obtained by substituting aluminum for a part of lithium. 

25 EXAMPLE 8 

A description wilt be given on the substitution of a part of lithium in UNi0 2 with Mg. 

First a positive electrode active material was synthesized by heating a mixture composed of LiN0 3 , Ni(OH) 2 and 
Mg(N0 3 ) 2 in an oxygen stream at 650°C. The mixing ratio of the starting materials was determined by adjusting the 
30 molar ratio of (U + Mg)/Ni to 1 and the molar ratio of Mg/(U + Mg) to 0.005. 0.01 , 0.1 , 0.2, 0.25 and 0.3. Further, in place 
of the above-mentioned compounds, magnesium hydroxide Mg(OH) 2 can similarly be used for the synthesis of the 
active materia). 

From an X-ray diffraction measurement, the heated product was considered to be a compound represented by the 
formula Li 1 . y Mg y Ni02 +2 (y = 0.005, 0.01 , 0.1 , 0.2, 0.25 or 0.3), on the basis of a comparison with the pattern registered 
35 in 9 - 0063 of "JCPDS". 

Further, it was found that any of the intensity ratios of a peak indicated by a facet index 003 to the peak indicated 
by a facet index 104 was in a range of 1.15 - 1.20, and from this peak intensity ratio, it is believed that the Mg in the 
heated product is existing in the layer of Li. In LiNi0 2 , although the characteristics may be deteriorated by the introduc- 
tion of Ni into the layer of Li, there occurs no deterioration in the characteristics of the heated product of this example, 
40 even if Mg is existing in the layer of Li. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge tests under the same conditions as those in Example 6. The results derived from the tests as 
in Example 6 are summarized in Table 12 below. 

45 

TABLE 12 



M 






y 








0.005 


0.01 


0.10 


0.20 


0.25 


0.30 


Mg 


Initial Capacity (mAh) 


(25°C) 


20.5 


20.1 


19.9 


19.2 


16.4 


15.0 






(60°C) 


21.1 


20.7 


20.2 


19.6 


17.0 


15.3 




Capacity Maintenance Rate at 


(25°C,%) 


90 


94 


96 


96 


95 


93 




the 50th cycle 


(60°C,%) 


60 


87 


87 


88 


87 


87 



As shown in Table 12, the cycle characteristic at elevated temperature is improved by employing Mg as the substi- 
tution element for Li in a range of 0.01 ^yi 0.2, as compared with that obtained with LiNi0 2 of Comparative Example 
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9. In a range of y < 0.01 , no favorable technical advantage is obtained because the quantity of the substitution is small. 
In a range of y > 0.2, the quantity of substitution is too much and invites a decrease in the initial discharge capacity. 
Based on the above-mentioned results, it is appreciated that in a nickel oxide, the cycle characteristic at high tempera- 
ture is improved by substituting a part of Li with Mg. 
5 When a similar test was conducted on a compound obtained by substituting a part of Li with Ca in place of Mg, the 
result was substantially the same as in the case of Mg, and it was found that a similar technical advantage to that of Mg 
was obtained by Ca as shown in Table 1 3 below. 



TABLE 13 



15 



M 






y 








0.005 


0.01 


0.10 


0.20 


0.25 


0.30 


Ca 


Initial Capacity (mAh) 




(25°C) 


20.4 


20.0 


19.7 


19.2 


16.3 


15.0 








(60°C) 


21.0 


20.5 


20.0 


19.5 


17.1 


15.1 




Capacity Maintenance Rc 


ite at 


(25°C,%) 


90 


93 


95 


95 


94 


92 




the 50th cycle 




(60°C,%) 


60 


86 


87 


87 


88 


89 



EXAMPLES 

25 A description will be made on the substitution of a part of nickel in LiNi0 2 with two or more elements selected from 

the group consisting of Mg, Ca, Co and Al. 

Mg(N0 3 ) 2 . Ca(OH) 2 , Co 3 0 4 and Al(N0 3 ) 3 were employed as the sources for Mg, Ca, Co and Al, respectively. 

These compounds were mixed with LiN0 3 and Ni(OH) 2 and each of the obtained mixtures was heated in an oxygen 

stream at 650 Q C. The mixing ratio of the starting materials was determined by adjusting the molar ratio of (Li + (a com- 
30 bination of two or more elements selected from the group consisting of Mg, Ca, Co and Al))/Ni to 1 , and the molar ratio 

of Mg, Ca, Co and Al to the intended composition. 

From X-ray diffraction measurements on the heated products and comparisons of the diffraction patterns with the 

pattern registered in 9 - 0063 of "JCPDS", the obtained heated products appeared to be the compounds as listed in 

Table 14 below. 

35 Further, it was found that any of the intensity ratios of a peak indicated by a facet index 003 to the peak indicated 
by a facet index 104 was in a range of 1 .15 - 1 .20, and based on the intensity ratios, it is believed that the element sub- 
stituted for Li was existing in the layer of Li. In LiNi0 2 , although the characteristics may be deteriorated by an introduc- 
tion of Ni into the layer of Li, there was no deterioration in the characteristics of the compounds in accordance with this 
example even if the substitution element was existing in the layer of Li. 

40 A procedure similar to that of Example 1 was then followed in configuring batteries with the above-mentioned com- 
pounds which were thereafter subjected to the charge/discharge test under the same conditions as those in Example 
6. The results derived from the tests as in Example 6 are summarized in Table 14 below. 
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TABLE 14 





25°C 


60°C 




Initial capac- 
ity (mAh) 


Capacity main- 
tenance rate 
fSOth cvcle) 


Initial capac- 
ity (mAh) 


Capacity 
mainte- 
nance rate 
(50th cycle) 


^0.995(^0.^90.5)0.00 
5 Ni0 2 


20 


AO 


20.6 


55% 


Li 0.99( AI 0.5 M 90.5)0.01 

Ni0 2 




57/ A> 


20 2 


89% 

\J<J ao 


Lio.95(Alo.5Co 0 .5>o.05N 

io 2 


1Q 7 

iy. / 


y /AO 


20 0 

bV.w 


&\J AO 


Li 0 .70(Al0.5C°0.5)0.30 N 

i0 2 




57O/0 


1 •r.w 


91% 


^0.80(^90.2^80.8)0.20 
Ni0 2 


1 Q A 


yo/o 


1Q R 


90% 


LiosotCoo.sMQo.S/O.io 
NKD 2 


iy.o 


yovo 


20 O 


AO 


Lio.8o(C°o.5Cao.5)o.20 
Ni0 2 


loo 

1 y.o 


y /vo 


19 S 


91% 

^ I AO 


Lio.8o(Co 0 .3Cao.7)o.2o 
Ni0 2 


1 Q A 

iy.4 


yovo 




03 AO 


1J0.90( A, 0.3 M 90.3C°0.4 

) 010 NiO 2 


iy.o 


y / 70 


1Q ft 

iy.o 


3 1 AO 


^0.99(^0.3030.3^90.4 
)0.0lNiO 2 


iy.y 


yo/o 




OQO/1 
057AO 


^0.80(^0.3^00.3^90.4 

) 020 NiO 2 


iy.o 


QOO/ 

yo/o 


1Q ^ 


92% 

ZfC AO 


Lio^of^os^oosMgo. 

4)0.30 NiO 2 




QOO/ 

yo/o 


1/1 ^ 


iJO AO 


Li 0 9o(Al 0 . 2 COo.4 M 904 

) 010 NiO 2 


iy.o 




19 A 


90% 
57VA AO 


Li 0 .99( A! 0 .2Cao.3Coo .5 
)o.oiN'0 2 


20 1 


J7\2 AO 


21 0 


89% 


Lio.99s((AICa- 
CoMg) 0 25 )o.oo5 Ni 0 2 




y*f 70 


20 *\ 


\J\t AO 


Li 0 . 99 ((AICa- 
CoMg) 0 . 25 )o.oi Ni0 2 


20.0 


93% 


20.3 


88% 


Li 0 .9o(( A| Ca- 
CoMg) 025 ) 01 oNi0 2 


19.5 


95% 


19.8 


90% 


Lio.8o(( A| CaCoMg) 

0.25)o.20 N '°2 


19.2 


96% 


19.5 


91% 


Li 0 75((AICaCoMg) 

0.25) 0.25 NiO 2 


15.5 


97% 


15.8 


90% 
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As shown in Table 14, by employing a corrtoination of two or more elements selected from the group consisting of 
Mg, Ca, Co and AJ, respectively as the substitution element for Li, more preferable characteristics are obtained as com- 
pared with those obtained by a single use of the respective elements in Examples 6, 7 and 8. When any two or more of 
Mg, Ca, Co and Al are used in combination, it is desirable that the quantity for substitution is in a range of 0.01 =s y * 
5 0.2. The technical advantage resulting from the substitution of element is small if the range is y < 0.01 . The quantity for 
substitution is too much and invites a deterioration in the characteristics if the range is y > 0.2. 

COMPARATIVE EXAMPLE 1 

10 A description will be made on the use of LiNi02 as the active material. 

LiN0 3 and Ni(OH) 2 were used as the starting materials. A mixture of these compounds was heated in an oxygen 
stream at 700°C. The mixing ratio of the starting materials was determined by the molar ratio of Li/Ni to 1 .05 with the 
amount of lithium excessive. From an X-ray diffraction measurement on the synthesized compound, it was appreciated 
that the obtained pattern coincided with the pattern of UNi0 2 registered in 9 - 0063 of \JCPDS\ It was further found 

is that the intensity ratio of a peak indicated by a facet index 003 to the peak indicated by a facet index 104 was 1 .3. If the 
peak intensity ratio becomes 1 .2 or less, a deterioration arises in the characteristics because the diffusion of the lithium 
ions is hindered by the nickel. In this comparative example, the above-mentioned peak intensity ratio is in a favorable 
range of 1.3. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
20 to the charge/discharge test under the same conditions. The results of the test are summarized in Table 15 below. 



TABLE 15 



Initial capacity (mAh) 


21.2 


Capacity Maintenance Rate (1) 


91% 


Capacity Maintenance Rate (2) 


87% 



COMPARATIVE EXAMPLE 2 

A description will be made on the use of Al and Cr as the elements for substituting a part of nickel in LiNi0 2 . 
35 For Al, a mixture of LiN0 3( Ni(OH) 2 and AI(N0 3 ) 3 was heated in an oxygen stream at 700°C. The mixing ratio of 
the starting materials was determined by adjusting the molar ratio of Lj/(AI + Ni) to 1.05 with the amount of lithium 
excessive and the molar ratio of At/(AI + Ni) to 0.1 , 0.2, 0.3, 0.4 and 0.5. 

Similarly, another active material was synthesized by using a starting material containing Cr(N0 3 ) 3 for Cr. 
From X-ray diffraction measurements on the synthesized samples, it was appreciated that the obtained patterns 
40 resembled the pattern of IJNi0 2 registered in 9 - 0063 of "JCPDS" and that the samples had a crystal structure similar 
to that represented by the registered pattern. 

It was further found that any of the intensity ratios of a peak indicated by a facet index 003 to the peak indicated by 
a facet index 1 04 was 1 .25 or more. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
45 to the charge/discharge test under the same conditions. The results of the test are summarized in Table 16 below. 



50 



55 
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TABLE 16 



M 




M/(Ni + M) molar ratio (M: Al or Cr) 






0.10 


0.20 


0.30 


0.40 


0.50 


Al 


Initial Capacity(mAh) 


20.1 


19.8 


19.5 


15.3 


12.8 


Capacity Maintenance Rate (1) (%) 


97 


97 


97 


96 


93 


Capacity Maintenance Rate (2) (%) 


88 


86 


86 


85 


85 


Cr 


Initial Capacity(mAh) 


20.5 


20.2 


19.9 


17.1 


14.3 


Capacity Maintenance Rate (1) (%) 


96 


96 


94 


91 


86 


Capacity Maintenance Rate (2) (%) 


87 


84 


83 


79 


73 



COMPARATIVE EXAMPLE 3 

20 

A description will be made on the use of UNi0 2 as the active material at elevated temperature. 

A mixture of IJNO3 and Ni(OH) 2 was heated in an oxygen stream at 650°C The mixing ratio of the starting materi- 
als was determined by adjusting the molar ratio of Li/Ni to 1 .05 with the amount of lithium excessive. From an X-ray dif- 
fraction measurement on the synthesized UNi0 2 , it was appreciated that the obtained pattern coincided with the 
25 pattern registered in 9 - 0063 of "JCPDS". It was further found that the intensity ratio of a peak indicated by a facet index 
003 to the peak indicated by a facet index 104 was 1.3. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge test under the same conditions as those of Example 3. The results of the test are summarized 
in Table 17 below. 

30 



TABLE 17 



Initial capacity (mAh) 


(25°C) 
(60°C) 


21.2 
21.8 


Capacity maintenance rate at 
the 20th cycle 


(25°C) 
(60°C) 


91% 
53% 



COMPARATIVE EXAMPLE 4 

A description will be made on LiCo0 2 and a derivative of LiCo0 2 which incorporates Mg. 
45 The LiCo0 2 was synthesized by heating a mixture of Li 2 C0 3 and C03O4 in the air at 900°C. The mixing ratio of the 
starting materials was determined by adjusting the molar ratio of Li/Co to 1.00. 

If Mg is incorporated, U 2 C0 3 , C03O4 and Mg(N0 3 ) 2 were used as the starting materials. The mixing ratio of the 
starting materials was determined by adjusting the molar ratio of U7(Mg + Co) to 1 .00 and the molar ratio of Mg/(Mg + 
Co) to 0.1. 

so From X-ray diffraction measurements on the heated products, it was appreciated that the obtained patterns resem- 
bled the pattern of LiCo0 2 registered in 16 - 0427 of "JCPDS" and that the samples had a crystal structure similar to 
that represented by the registered pattern. Since no peak due to impurities other than those resembling the pattern of 
LiCo0 2 was observed, it was believed that the heated products were LiCo0 2 and a compound represented by the for- 
mula UCo 1 . y Mg y 0 2 (y = 0.1). respectively. 

55 A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge test under the same conditions as those of Example 3. The results of the test are summarized 
in Table 18 below. 
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COMPARATIVE EXAMPLE 5 

A description will be made on a case of introducing Al into LiCo0 2 . 

A mixture composed of U 2 C0 3 . C03O4 and AI(N0 3 ) 3 was heated in the air at 900°C. The mixing ratio of the starting 
materials was determined by adjusting the molar ratio of Li/(AI + Co) to 1 .00 and the molar ratio of AI/(AI + Co) to 0.05. 

X-ray diffraction measurements on the heated products suggested that the obtained pattern resembled the pattern 
of LiCo0 2 registered in 16 - 0427 of "dCPOS" and that the sample had a crystal structure similar to that represented by 
the registered pattern. Since no peak due to impurities other than those resembling the pattern of LiCo0 2 was 
observed, it was believed that the heated product was a compound represented by the formula LiCo 1 . y Al y 0 2 (y = 0.05). 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge test under the same conditions as those of Example 3. The results of the test are summarized 
in Table 18. 



TABLE 18 



M(y) 


Mg 

(0.1) 


Al 
(0.05) 


LiCo0 2 


Initial capacity (mAh) 


(25°C) 


16.1 


16.2 


16.5 




(60°C) 


16.3 


16.4 


16.8 


Capacity maintenance rate at 
the 20th cycle 


(25°C) 
(60°C) 


98% 
73% 


98% 
75% 


98% 
90% 



COMPARATIVE EXAMPLE;? 

A description will be made on the substitution of a part of Ni in LiNi0 2 with B. 

A mixture composed of LiNi0 3 , Ni(OH) 2 and H 3 B0 3 was heated in an oxygen stream at 650^. The mixing ratio of 
the starting materials was determined by adjusting the molar ratio of Li/(B + Ni) to 1 .05 with the amount of lithium exces- 
sive and the molar ratio of B/(B + Ni) to 0.05. 

X-ray diffraction measurements on the heated products showed that the obtained pattern resembled the pattern of 
LiNi0 2 registered in 9 - 0063 of \JCPDS" and that the sample had a crystal structure similar to that of LiNi0 2 . Since no 
peak due to impurities other than those resembling the pattern of LiNi0 2 was observed, it was believed that the heated 
product was a compound represented by the formula LiNi 1 . y B y 0 2 (y = 0.05). 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge test under the same conditions as those of Example 3. The results of the test are summarized 
in Table 19 below. 

COMPARATIVE EXAMPLE 7 

A description will be made on the substitution of a part of Ni in LiNi0 2 with Co. 

A mixture composed of UN0 3 , Ni(OH) 2 and Co^ was heated in an oxygen stream at 650°C. The mixing ratio of 
the starting materials was determined by adjusting the molar ratio of Li/(Co + Ni) to 1 .05 with the amount of lithium 
excessive and the molar ratio of Co/(Co + Ni) to 0.10. 

X-ray diffraction measurements on the heated products revealed that the obtained patterns resembled the pattern 
of LiNi0 2 registered in 9 - 0063 of \JCPDS" and that the sample had a crystal structure similar to that of LiNi0 2 . Since 
no peak due to impurities other than those resembling the pattern of LiNi0 2 was observed, it was believed that the 
heated product was a compound represented by the formula LiNi 1 . y Co y 0 2 (y = 0.10). 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge test under the same conditions as those of Example 3. The results of the test are summarized 
in Table 19 below. 
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TABLE 19 



M(y) 


D 

(0.05) 


(0.1) 


Initial capacity (mAh) 


(25°C) 
(60°C) 


20.2 
20.7 


20.3 
20.7 


Capacity maintenance rate at 
the 20th cycle 


(25°C) 
(60°C) 


97% 
78% 


98% 
81% 



COMPARATIVE EXAMPLE 8 

A description will be made on the substitution of a part of Ni in LiNi0 2 with two or more elements selected from the 
group consisting of Al, B, Co and Mg. 

AI(N0 3 ) 3 . H 3 B0 3 , Co 3 0 4 and Mg(N0 3 ) 2 were used as the sources of Al, B, Co and Mg, respectively. Each of these 
were mixed with UN0 3 and Ni(OH) 2 and the obtained mixtures were heated in an oxygen stream at 650°C. The mixing 
ratio of the starting materials was determined by adjusting the molar ratio of Li/(Ni + (a combination of two or more ele- 
ments selected from the group consisting of Al, B, Co and Mg)) to 1 .05 with the amount of lithium excessive and any of 
Al, B, Co and Mg to the intended composition. 

X-ray diffraction measurements on the heated products showed that the obtained patterns resembled the pattern 
of LiNi0 2 registered in 9 - 0063 of "JCPDS" and that the samples had a crystal structure similar to that of LiNi0 2 . It was 
further found that any of the intensity ratios of a peak indicated by a facet index 003 to the peak indicated by a facet 
index 104 was 1.25 or more. No peak due to impurities other than the peaks similar to that of LiNi0 2 was found, and 
thus it was believed that each of the heated products had a composition of the compounds as listed in Table 20 below. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge test under the same conditions as those of Example 3. The resutts of the test are also summa- 
rized in Table 20 below. 



TABLE 20 





Initial capacity 
(mAh) 


Capacity 
Maintenance 
Rate at the 
20th Cycle (%) 




25°C 


60°C 


25°C 


60°C 


UNio.9(Al a6 Mgo.6)o.i02 


14.2 


14.6 


91 


81 


UNio.9(AI 0 . 3 Bo 1 Co 0 . 3 Mg 0 .4)o.i02 


14.7 


15.0 


91 


86 


UNi 0 .9((AIBCoMg)o. 3 )o,i0 2 


14.6 


15.1 


92 


86 


UNi 0 .6(AIo.5Mg 0 .5)o.402 


15.1 


15.5 


95 


79 


LiNi 0 6 (AI 0 .sCoo.aMgo.^o.Aj 


15.2 


15.4 


95 


78 


UNi a6 ((AIBCoMg) 0 .25)o.402 


15.1 


15.3 


94 


77 


LjNi 0 .995((Alo.5Mgo.5)o.005)02 


21.1 


21.7 


93 


55 


Li N '0.995( A, 0.3Co 0 .3Mg0.4)0.005 O 2 


21.1 


21.7 


93 


54 


LiNi 0 .995((AIBCoMg)o.25)o.o050 2 


21.1 


21.6 


92 


54 
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COMPARATIVE EXAMPLE 9 

A description will be made on the substitution of a part of Ni in LiNi0 2 with A). 

A mixture composed of N1NO3, Ni(OH) 2 and AI(N03) 3 was heated in an oxygen stream at 650°C. The mixing ratio 
5 of the starting materials was determined by adjusting the molar ratio of Li/(AI + Ni) to 1 .05 with the amount of lithium 
excessive and the molar ratio of AI/(AI + Ni) to 0.1, 0.2, 0.3, 0.4 and 0.5. 

From X-ray diffraction measurements on the heated products, it was appreciated that the obtained patterns resem- 
bled the pattern of LiNi0 2 registered in 9 - 0063 of "JCPDS" and that the samples had a crystal structure similar to that 
of UNi0 2 . It was further found that any of the intensity ratios of a peak indicated by a facet index 003 for the peak indi- 
10 cated by a facet index 104 was 1 .25 or more. Since no peak due to impurities other than the peaks similar to that of 
UNi0 2 was found, it was believed that each of the heated products was a compound represented by the formula UNi-j. 
y Aly0 2 (y = 0.1, 0.2, 0.3, 0.4 or 0.5). 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
to the charge/discharge test under the same conditions as those of Example 3. The results of the test are summarized 
is in Table 21 below. 



TABLE 21 



M 






y 








0.10 


0.20 


0.30 


0.40 


0.50 


Al 


Initial Capacity (mAh) 


(25°C) 


20.1 


19.8 


19.5 


15.3 


12.8 






(60°C) 


20.3 


20.2 


19.9 


15.6 


13.0 




Capacity Maintenance Rate 


(25°C,%) 


97 


97 


97 


96 


93 






(60°C,%) 


75 


61 


57 


57 


56 



30 

COMPARATIVE EXAMPLE 10 

A description will be made on substitution of a part of Ni in UNi0 2 with Co. 

A mixture composed of LiN0 3f Ni(OH) 2 and C03O4 was heated in an oxygen stream at 650°C. The mixing ratio of 
35 the starting materials was determined by adjusting the molar ratio of Li/(Co + Ni) to 1.05 with the amount of lithium 
excessive and the molar ratio of Co/(Co + Ni) to 0.003, 0.005. 0.01 . 0.1, 0.2 and 0.3. 

From X-ray diffraction measurements on the heated products, it was appreciated that the obtained patterns resem- 
bled the pattern of LiNi0 2 registered in 9 - 0063 of "JCPDS" and that the samples had a crystal structure similar to that 
of LiNi0 2 . No peak due to impurities other than the peaks similar to that of UNi0 2 was found, and thus it was believed 
40 that each of the heated products was a compound represented by the formula LiNi 1 . y Co y 0 2 (y = 0.003, 0.005, 0.01 , 0.1 , 
0.2 or 0.3). Moreover, in the range of the quantity for substitution indicated above, the intensity ratio of a peak indicated 
by a facet index 003 to the peak indicated by a facet index 104 was 1 .25 or more, and thus it was believed that there 
occurred no disorder in the crystal structure due to possible invasion of Ni or Co into the layer of U. 

A procedure similar to that of Example 1 was then followed in configuring batteries which were thereafter subjected 
45 to the charge/discharge test under the same conditions as those of Example 6. The results of the test are summarized 
in Table 22 below. 



50 



55 
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TABLE 22 



M 






y 










0.003 


0.005 


0.010 


0.10 


0.20 


0.30 


Co 


Initial Capacity (mAh) 


(25°C) 


20.2 


20.1 


19.9 


19.7 


19.4 


15.2 






(60°C) 


20.4 


20.3 


20.0 


19.9 


19.5 


15.4 




Capacity Maintenance Rate 


(25°C,%) 


87 


92 


93 


94 


95 


95 




at the 50th Cycle 


(60°C f %) 


60 


62 


65 


66 


66 


67 



In the foregoing examples, although LiN0 3 and Ni(OH) 2 are used as the raw material lithium salt and nickel salt, 
respectively, a similar technical advantage can also be obtained by employing lithium hydroxide, lithium carbonate and 
lithium oxide, and nickel carbonate, nickel nitrate and nickel oxide as the lithium salt and the nickel salt, respectively. In 
addition to those compounds employed in the above-mentioned examples, any of nitrates, carbonates and oxides can 
also be employed as the sources of the substitution elements Mg, Ca, Ba, Sr, Al, Cr, B and Co with a similar technical 
advantage. 

As regards the materials employed for configuring the battery, a similar technical advantage can be obtained by 
using any of carbon materials, graphite analogous compounds, aluminum, an aluminum alloy, and the like, in addition 
to the metal lithium employed as the negative electrode in the above-mentioned examples, on condition that they can 
absorb and desorb lithium ions in a reversible manner. 

In addition to the electrolyte comprising propylene carbonate as its solvent and lithium perchlorate as its solute 
employed in the above-mentioned examples, any of the solvents available for the lithium battery of this kind, such as 
ethylene carbonate, diethyl carbonate, methyl ethyl carbonate, dimethoxy ethane, tetrahydrofuran, methyl tetrahydro- 
furan, r-butyrolactone, dioxorane, dimethyl sulfoxide and the like, as well as any of the lithium salt solutes, such as lith- 
ium hexafluorophosphate, lithium tetrafluoroborate, lithium trifluoromethane sulfonate and the like, can be employed 
with similar technical advantage. Further, in addition to the disclosed coin type battery, a similar technical advantage 
can be obtained with any of the cylindrical and rectangular batteries. 

As clearly appreciated from the description on the preferred embodiments, according to the present invention, it is 
possible to provide a non-aqueous electrolyte secondary battery having a low manufacturing cost and a high energy 
density and being excellent in the high rate charge/discharge characteristic and in the characteristics in operation at 
high temperature. 

Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art to which the present invention pertains, after having read the above disclo- 
sure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as 
fall within the true spirit and scope of the invention. 

Claims 

1. A non-aqueous electrolyte lithium secondary battery comprising a positive electrode, a negative electrode capable 
of absorbing and desorbing lithium in a reversible manner and a non-aqueous electrolyte, wherein said positive 
electrode comprises a compound represented by the formula Li x Ni 1 . y M y 0 2+2 , where M represents at least one ele- 
ment selected from the group consisting of Mg, Ca, Sr and Ba, and 0.05 ^ x =i 1 .1, 0.01 ^ y ^ 0.3, and -0.3 * z * 
0.1. 

2. A non-aqueous electrolyte lithium secondary battery comprising a positive electrode, a negative electrode capable 
of absorbing and desorbing lithium in a reversible manner and a non-aqueous electrolyte,- wherein said positive 
electrode comprises a compound represented by the formula LixNi^yMyOa+z, where M represents at least one ele- 
ment selected from the group consisting of AI and Cr, and 0.05 s x* 1.1, 0.003 y < 0. 1 . and -0.3 ^ z ^ 0.1 . 

3. A non-aqueous electrolyte lithium secondary battery comprising a positive electrode, a negative electrode capable 
of absorbing and desorbing lithium in a reversible manner and a non-aqueous electrolyte, wherein said positive 
electrode comprises a compound represented by the formula Li x Ni 1 . y (Al a B b Co c Mg d )y02 +z . where 0.05 ^ x ^ 1.1 
0.01 * y * 0.3, -0.3 ^ 2 s 0.1, and (a+b+c+d) ^ 1 , and any three or more of a, b, c and d are never 0 at the same 
time. 
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A non-aqueous electrolyte lithium secondary battery comprising a positive electrode, a negative electrode capable 
of absorbing and desorbing lithium in a reversible manner and a non-aqueous electrolyte, wherein said positive 
electrode comprises a compound represented by the formula U 1+x . y COyNi0 2+2 , where -0.1 s§ x ^ 0.1, 0.005 ^ y ^ 
0.2, and -0.3 ^ z ^ 0.2. 

A non-aqueous electrolyte lithium secondary battery comprising a positive electrode, a negative electrode capable 
of absorbing and desorbing lithium in a reversible manner and a non-aqueous electrolyte, wherein said positive 
electrode comprises a compound represented by the formula Li 1+x . y Al y COyNi0 2+2 . where -0.1 s x ^ 0.1, 0.01 ^ y 
* 0.2, and -0.3 * z si 0.2. 

A non-aqueous electrolyte lithium secondary battery comprising a positive electrode, a negative electrode capable 
of absorbing and desorbing lithium in a reversible manner and a non-aqueous electrolyte, wherein said positive 
electrode comprises a compound represented by the formula Lji + x-yM y Ni02 +2 . where M represents at least one 
element selected from the group consisting of Mg and Ca, and -0.1 m x ^ 0.1 , 0.01 * y ^ 0.2, and -0.3 ^ z ^ 0.1 . 

A non-aqueous electrolyte lithium secondary battery comprising a positive electrode, a negative electrode capable 
of absorbing and desorbing lithium in a reversible manner and a non-aqueous electrolyte, wherein said positive 
electrode comprises a compound represented by the formula U'ux.^MgaCabCOcAyyNiC^+z, where -0.1 ^ x ^ 0.1 , 
0.01 =sy=502-0.3=iz2£ 0.2, and (a+b+c+d) = 1, and any three or more of a. b. c and d are never 0 at the same time. 
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